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Fig. 1. Scheme for callogenesis and regeneration from tTCLs of P. vulgaris
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Fig. 2. Different stages of callus formation with embryonic axis explants in common bean (P. vulgaris)

A. The isolated embryonic axis explants; B & C. The Callogenesis in the fourth week;
D. The calluses produced from embryonic axis explants
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Fig. 3. Mean comparison of the interaction effect of plant growth regulator type and cultivar type on callogenesis with

embryonic axis explants in six common bean cultivars (P. vulgaris)
A: BAP (11uM)+1AA (0.57uM); B: TDZ (227uM) +BAP(44 4uM); C: BAP (44.4uM);
G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar; L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Fig. 4. Different stages of callogenesis and regeneration with tTCLs explants in common bean (P. vulgaris)
A) The isolated thin cell layer explants from epicotyl; B) Callogenesis in medium supplemented of TDZ (10uM), BAP (10puM);
C) Shoot regeneration from callus
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Table 2. Anova analysis table of callogenesis and regeneration percentage with tTCLs explants
in six common bean cultivar (P. vulgaris)

Slaypo (12Nleo
Oyt g sol3T a0 Mean squares
S.0VvV DF LR U™ U YN
Callogenesis percentage  Regeneration percentage
A 5SE) osi iy 1 128.000" 272.222"
Pretreatment (A)
B 55 o) oSl Jloos 1 5168.056%* 16089.389**
P.G.R treatment (B)
(AXB) oy 0axiS olsss g jloni i Jilie il
Pretreatment x P.G.R interaction 1 4933.556** 3813.556**
(AxB)
€51 o, 5 8615.822%* 4218.156%*
Cultivar (C)
(AXC) 3, 5 acd s e 5 1445,033** 1593.122%*
Pretreatment x Cultivar interaction (AxC)
(BXC) 3, 5 4, oaisSulis Jiica i 5 1057.756%* 1575.956%*
P.G.R x Cultivar interaction (BxC)
o5 9 oy oS epdati g jlenS iy Jlie I
(AXBXC) 5 913.189** 696.789™
Pretreatment x P.G.R x Cultivar interaction (AxBxC)
= 48 218.958 352.833
Error

P.G.R: Plant Growth Regulator

S sirn sl 5 0o,0) 5 e300 Jleisl s jo ls pae i ey NS FEF
*, ** and ns: Significant at 5% and 1% probability level, non significant respectively
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Fig. 5. Interactive effect of pretreatment type and cultivar type on regeneration with tTCLs explants in

six common bean cultivars (P. vulgaris)
TO :Pretreatment 0 uMTDZ; T10 :Pretreatment 10 uMTDZ; G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar;

L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Table 3. Mean comparison of the interaction effect of pretreatment type, plant growth regulator treatment and
cultivar on callogenesis with tTCLs explants in six common bean cultivars (P. vulgaris)

o e ol y oS ol yloud ~) 3l S 50 (il
Pretreatment  Plant growth regulator  Cultivar  Average callogenesis percentage
TDZ-0 BAP-10 G 69.7 %+ 5.100
TDZ-0 BAP-10 N 72.60°4 + 1.45
TDZ-0 BAP-10 AZ 24°19N + 4,06
TDZ-0 BAP-10 L8 34.60°1" + 1.45
TDZ-0 BAP-10 L4 97% +1.730
TDZ-0 BAP-10 AL 45,50 %+ 4
TDZ-0 TDZ-10 G 50.60% + 5.37
TDZ-0 TDZ-10 N 7.33" + 4.05
TDZ-0 TDZ-10 AZ 109" + 2,30
TDZ-0 TDZ-10 L8 4.67'+2.60
TDZ-0 TDZ-10 L4 52.33% + 4,60
TDZ-0 TDZ-10 AL 17.66™" + 3.30
TDZ-10 BAP-10 G 26.25°fN + 2 50
TDZ-10 BAP-10 N 37. 6749+ 3.52
TDZ-10 BAP-10 AZ 0'+0
TDZ-10 BAP-10 L8 8.00" + 3.00
TDZ-10 BAP-10 L4 1002+ 0
TDZ-10 BAP-10 AL 88%° + 4,04
TDZ-10 TDZ-10 G 45%F+ 4,81
TDZ-10 TDZ-10 N 33.20°" + 5.5
TDZ-10 TDZ-10 AZ 0'+0
TDZ-10 TDZ-10 L8 46.40% £ 2.72
TDZ-10 TDZ-10 L4 1002+ 0
TDZ-10 TDZ-10 AL 33.05°1" + 2.75

BAP Jgog,5:01 + )loss BAP-10 TDZ Jgo5,50) * ol Jlons i :TDZ-10 TDZ Jg05,S0 yo0 jlas i :TDZ-0
55055l 08, AL F Y LA A Y L8 Ll 18, AZ 6 13, N ¢ 5 8, G TDZ Jgog,50) + ,los :TDZ-10
35,105 (p<0.05) (5,lo sime Dalis (gLl Ll 5l aslie Bgy ghyls (glog il
TDZ-0 Pretreatment 0 uMTDZ; TDZ-10 -Pretreatment 10 uMTDZ; BAP-10: Treatment 10 uMBAP; TDZ-10: Treatment 10uMTDZ;

G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar; L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Fig. 6. Interaction effect of plant growth regulator treatment and cultivar on regeneration with tTCLs explants
in six common bean cultivars (P. vulgaris)
B10: Treatment 10 uMBAP; T10: Treatment 10uMTDZ; G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar;

L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Introduction

Common bean (Phaseolus vulgaris L.) is the most important species of the legume. This plant is a very
important source of vegetable protein, especially in those regions of the world in which animal proteins are
scarce. However, breeding can not add certain genes that do not exist naturally in the P. vulgaris gene pool.
Due to this limitation of plant breeding, new trait improvement approaches such as interspecific horizontal
gene transfer via genetic engineering need to be utilized in order to complement the limitations encountered
by conventional breeding of this crop. Still, there is not an optimized protocol for beans regeneration and this
is a big challenge for bean breeding through genetic engineering

Material & Methods

In this study, two experiments were conducted to evaluate callus induction and regeneration in bean.
Seeds of P. vulgaris were washed thoroughly with distilled water and tween-20 (10%). Subsequently they
were surface sterilized with 70% ethanol for 2 min followed by sodium hypochloride (3%) for 15 min. After
five rinses with sterile distilled water, they were allowed to germinate aseptically on half strength Murashige
and Skoog (MS) medium. In the first experiment, induction of callus and regeneration were investigated in
six common bean cultivars with embryonic axis explants under the influence of TDZ, BAP and IAA plant
growth regulators. The sterile seeds were soaked for 20 hours, embryogenic axes were isolated from seeds
and cultured on MS medium with different growth regulators including BAP (11uM) and I1AA (0/57uM),
BAP (44/4uM) and TDZ (2/27uM), BAP (44/4uM). In the second experiment, sterile seeds germinated
under the pretreatments medium (free TDZ, 10uM TDZ) and then, after 14 days, Transverse thin cell layer
explants (with 0.3-0.5 mm thick) were excised from epicotyls. For induction of regeneration, explants were
transferred to solid MS medium supplemented with 20 g/lit sucrose, B5 vitamins and 10uM TDZ or 10uM
BAP. After 14 days, TDZ concentration reduced to 1uM in the TDZ (10uM) treatment and BAP (10uM)
treatment remained intact. After 28 days, all samples were transferred to medium MSB5+ BAP (10uM) +
AgNOs (10 pM). After 48 days, all samples were transferred to MSB5+ BAP (1uM) + GAs (3 uM) + AgNO3
(10 uM) and after 62 days, all samples were transferred to MSB5+ NAA (1uM) + AgNO; (10 uM). During
this period the callogenesis and regeneration rate were recorded.

Results & Discussion

The results of first experiment showed that the highest callus production (100%) related to BAP
(44/4pM) + TDZ (2/27uM) and BAP (44/4uM) treatments in all cultivars except Line 4. Based on the
results, callus induction in all varieties (except Line 4) were same in various growth regulator treatments. In
embryogenic axes explant, the effect of BAP and TDZ on callus induction was much better than 1AA.
Second experiment data showed that most callus induction in the pretreatment of the seedlings by TDZ
(10uM), treatment by TDZ (10uM) and BAP (10uM) in Line 4 cultivar and Aligudarz was in next rank.
Most regeneration achieved in the pretreatment TDZ (10uM) and treatment by TDZ (10uM) in Azna, Naz,
Line 8 and Aligudarz cultivars. The regeneration of Line 4 was weak despite the good callogenesis. From
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the 6 cultivars, Aligudarz showed better results in callogenesis and regeneration. It can be concluded that
TDZ is better than BAP for regeneration in tTCLS explants of bean. In both experiments, the positive effect
of silver nitrate on the reduction of phenolic compounds were observed. Based on previous studies, the
combination of BAP and AgNO3 at the same concentrations(10uM) significantly raised the number of
developed shoots, but unfortunately in our study the same result was not observed and the effect of AgNOs
on shoot development was weak.

Conclusion

Unlike previous studies, cytokinin used in this study, did not lead to direct regeneration of bean. The
results showed that high concentrations of the cytokinin is lead to callus induction in tested varieties. It was
observed that a prolonged exposure to high TDZ concentration had an inhibitory effect on further
development of shoots and by reducing the concentrations of TDZ, regeneration will occur. The results also
showed that transverse thin cell layers explants from epicotyl are able to regenerate under the influence of
TDZ and BAP better than embryonic axis explants. Regeneration severely is affected by genotype, maybe
that's why still, there is not an optimized protocol for bean regeneration.
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